The final state hadronic composition of proton-proton collisions at 7 TeV as a function of charged particle multiplicity density is studied. The thermal model is adjusted to match the experimental conditions in order to understand the effect of the experimental cuts on rapidity and multiplicity. This study indicates that the measured hadronic composition under a simultaneous cut on rapidity and multiplicity does not coincide with the fireball hadronic composition. Excluding proton to pion ratio, the adjusted model can explain the measured particle ratios. Therefore, the observed strangeness enhancement as a function of charged particle multiplicity density could be an effect of the experimental cuts. 
I. INTRODUCTION
An enhancement in (multi-)strange particles production, relative to pions, measured at pseudorapidity |η| ≤ 0.5 in proton-proton (pp) collisions at center of mass energy, √ s,= 7 TeV, is reported by ALICE collaboration as a function of charged particle multiplicity density, dN ch /dη| |η|≤0.5 [1] . The enhancement of multi-strange baryons is more pronounced than single strange hadrons. This data [1] is very interesting because it links results of different colliding systems and energies by suggesting that the hadronic composition strictly depends on the number of final state particles. Furthermore, the hadron production in high-multiplicity pp events seems to resemble the one in heavy ion collisions.
The statistical hadronization model (SHM) [2] has successfully described the final state hadronic composition for pp at low [3] and LHC energies [4] , without any multiplicity cut. However, the model success is almost fading when it used to describe the measured data at different dN ch /dη| |η|≤0.5 [5, 6] .
The application of canonical ensemble with exact baryon, strangeness and charge conservation to this data, is questionable because charges do not have to be exactly conserved at limited phase space. Furthermore, the canonical ensemble with exact strangeness conservation, which supposed to suppress the strangeness particles at low dN ch /dη| |η|≤0.5 , needs strangeness suppression factor, γ S , greater than one to fit the data [6] . In Ref. [5] , the same ensemble was used under the assumption of full chemical equilibrium (γ S = 1) and it leads to qualitatively description of the enhancement [1] but it fails to explain multiplicity dependence of Φ/π in proton-Lead (p-Pb). Although grand canonical is the most appropriate ensemble in the considered case, it does not show an acceptable agreement with the data [1] where χ 2 /N df (fit quality) varies from 3 to 10 as dN ch /dη| |η|≤0.5 increases [6] .
Since SHM can not satisfactory reproduce the experimental ratios [1] , it is convenient to turn our attention to missing physical processes or mismatch between the experimental conditions and the model. In the present work, the model was adjusted to match the experimental conditions, the cuts on dN ch /dη| |η|≤0.5 and rapidity, which enable us to answer whether the measured particle ratios under these cuts represent the fireball hadronic composition or not. The cut on multiplicity is interpreted, in this study, to a cut on fireballs-rapidities which has an important influence on the particle ratios at midrapidity. The paper is organized as follows. When the two colliding proton overlap, a fraction of incident energy is converted into particles where the residual energy is still carried by fireball as longitudinal momentum. Since longitudinal momentum of the leading hadrons are uncorrelated [7] , it is convenient to deal the hadronization of the two fireballs separately. Due to the thermal features of particle production in pp collisions [3] , hadronization will be treated thermally. The two fireballs, right-moving and left-moving, are assumed to be distributed uniformly along the rapidity axis, as a crude guess. The fireball rapidity, Y F B , ranges from 0 to Y inel F B , the maximum fireball rapidity, which is calculated as
where m p is proton mass and m π T is pion average transverse mass. The contribution of any fireball in particle production, is the multiplication of number of charged particles emitted by the fireball,
, by its probability, ψ(Y F B ).
According to SHM, about 61.6% of the final state particles -after resonances decay-are charged [8] .
The experimental yields, measured at mid-rapidity [9, 10] were used to calculate the probabilities, P , of having a charged particle as π ± , K ± , p(p), Ξ − (Ξ + ) or Ω(Ω) which are 0.84301, 0.10739, 0.046562, 0.002928 and 0.0002534, respectively. These ratios are taken to be the fireball hadronic composition as long as they are rapidity independent over a relative large interval around midrapidity [11] . The measured antibaryon/baryon ratios, from mid-rapidity up to three units of rapidity, exhibit almost no change [12] which means that the cut at midrapidity has no effect and the measured ratios still represent fireball hadronic composition [11] .
The rapidity distribution of charged particles, dN ch /dy, ignoring Ξ − (Ξ + ) and Ω(Ω) contributions, from one fireball can be obtained as
where
is the rapidity distribution of one particle species i radiated from fireball moving with rapidity Y F B , which is given as
where K 2 (m i /T ) is the 2nd order modified Bessel function, m i is the particle species i mass and T is the temperature taken to be 0.163 GeV [1] . The rapidity distributions of π ± , K ± and p(p) originated from a fireball moving with Y F B = 1.5 and emitting 30 charged particles are shown in Fig.(1) . The effect of the resonances was implicitly included in P i values, however they have negligible effect on rapidity distributions shape [13] . Fig. (1) illustrates that particle ratios at the mid-rapidity, changes with fireball rapidity. When the fireball moves with high rapidity, a suppression of heavy particle mass yields compared to the light ones is expected at the measured region and vice verse. On the other hand, Fig. (1) also demonstrates the dependence of dN ch /dy| |y|≤0.5 on the fireball rapidity. As the fireball rapidity increases, the dN ch /dy| |y|≤0.5 decreases. In view of that, an artificial enhancement, in heavy particles with respect to pions produced at midrapidity, is excepted as dN ch /dy| |y|≤0.5 increases.
The pseudo-rapidity distribution of charged particles can be obtained by multiplying Eq.(3) by the Jacobian,
where p i T denotes average transverse momentum of particle species i, taken from Ref. [9] . A relation between the number of charged particle produced at |η| ≤ 0.5 from one fireball,
Y F B can be established using Eq. (3, 5) where N ch (Y F B ) can be extracted by fitting the measured pseudo-rapidity distribution of charged particle [14, 15] with the corresponding theoretical one. The pseudo-rapidity distribution of charged particles from right-moving fireballs reads
where dn ch /dη is the pseudo-rapidity distribution from one charged particle emitted from fireball moving with rapidity Y F B . The integration represents the contribution of all fireballs at a certain pseudo-rapidity, η. N ch (Y F B ) is assumed to be in this form N Using N ch (Y F B ), dN ch1 dη | |η|≤0.5 can be calculated using Eq. (3, 5) , as shown in Fig.(2) (right). The calculated results can be expressed by a Gaussian form,
where C 0 , C 1 and C 2 are 21.986, −0.0606016 and 0.779198, respectively. Consequently, Y F B can be converted to dN ch1 dη | |η|≤0.5 and vice versa. The dependence shown in Fig.( 2)(right), is due to two reasons. The first is that the number of produced charged particles, reflecting the deposited energy, decreases as the fireball rapidity increases. Secondly, the fireballs moving with low-rapidity, suffered a deacceleration which makes the radiated particles rapidities close to midrapidity.
Henceforth, we deal with two fireballs to find the rapidity pairs (Y F B2 , Y F B1 ) which lead to create a certain number of charged particle at mid-pseudorapidity from both, dN ch /dη| |η|≤0. 5 . Each pair has a probability and the sum of all these probability should give the total probability for multiplicity class, as shown by this equation
where ψ 1 and ψ 2 are the probabilities for the two fireball and X is the value of charged particle multiplicity density, dN ch /dη| |η|≤0.5 . The calculations presented in this work, were done numerically via replacing the integration by a sum 1 as follow
Consequently, the particle yields j calculated under the two cuts reads
where Y F B1 and Y F B2 correspond to dN ch1 dη | |η|≤0.5 and X − dN ch1 dη | |η|≤0.5 , respectively, as described in Eq. (7). In Eq.(10), the two terms between brackets represent the number of j particles produced by both fireballs moving with rapidities that make charged particle multiplicity density from both equals to X. Thus, the ratio between any two particle yields j and i can be written as
1 X was divided into bins with size 0.01
This equation forms a relation between the particle ratios with/without cuts where the big term stands for the cut modification factor as function of Y F B . When this term doesnot equal one this means that measured hadronic composition under both cuts does not coincide with the fireball hadronic composition.
III. RESULTS AND DISCUSSION
The theoretical ratios are calculated according to Eq. (11) taking into consideration the charged particle multiplicity densities from both fireballs to match the experimental multiplicity cut for proper comparison. The fireball ratios, in Eq. (11), are 0.1274, 0.055011, 0.003519 and 0.000301 for
under no multiplicity cut [9, 10] , where (Λ +Λ)/(π + + π − ) was calculated to be 0.0334 using SHM To ensure the above result, a simplified picture was used to check whether the adjusted model can reproduce the measurements or not. Calculations at mid-rapidity in the two-fireball picture has an important feature: in every multiplicity class, there is a configuration -pair of fireballs rapiditieswhich has on average 75% probability. This most probable configuration takes place when one fireball has negligible-contribution at |y| ≤ 0.5. This feature will prominently hold for any reasonable ψ(Y F B ) becomes,
In Eq. (12), Y F B1 is the only unknown parameter which can be extracted by fitting the experimental 2 The experimental value of (K
is the one gives high probability for fireballs moving with high rapidities and producing a few number of particles. experimental ones (symbols) [1] particle ratios with the corresponding theoretical ones under the condition of minimizing χ 2 at each multiplicity class. The experimental ratios [1] are implemented as inputs, unlike Eq. (11), to infer information about the system. Then, the validity of the model can be checked through the fit quality, • A remarkable agreement with particle ratios is seen except for (p +p)/(π + + π − ). Moreover, the values χ 2 /N df are less than the corresponding ones where SHM applied without any cuts effect especially the case in which (p +p)/(π + + π − ) was excluded, as shown in Tab.(I).
• The fit quality decreases in both cases as dN ch /dη| |η|≤0.5 increases.
• The extracted parameter, Y F B1 , decreases as dN ch /dη| |η|≤0.5 increases, in both cases, which is consistent with the main idea, Eq.(7).
• The model calculations agree clearly with the experimental ratios (Λ +Λ)/2K 0 S and (Ω + Ω)/(π + + π − ) which were excluded from the fit. It is remarkable that after the model has been reformed to match the experimental multiplicity cut, it succeeded in reproducing the particle ratios mentioned in Fig.(4) except for (p +p)/(π + + π − ) which has the largest deviation from SHM prediction at 2.76 TeV Pb-Pb [16] . Therefore, if we assume that the puzzling behavior of (p +p)/(π + + π − ) takes place in both Pb-Pb and high multiplicity pp events, the observed strangeness enhancement as a function of dN ch /dη| |η|≤0.5 would be a pure effect of the experimental cuts. Dealing with such kind of measurements, if necessary, required additional dynamical inputs, as shown in Eq.(11) which was simplified and turned out to be Eq. (12) . This view provides a generalization of experimental cuts effect, specific form is suggested in Ref. [11] . In that form, the rapidity cut could lead to artificial enhancement of strange particle assuming single static fireball. However, at LHC energies the cut at rapidity has no effect unless it is associated with another cut on multiplicity.
IV. CONCLUSION
This work sheds a light on the consequence of the experimental cuts on rapidity and multiplicity.
An approximation was used to establish a reasonable comparison with the experimental data. The conclusion of such comparison is that if (p +p)/(π + + π − ) is excluded and considered as an extension of abnormal behavior previously seen in Pb-Pb, the multiplicity dependence of particle ratios is nothing but an effect of a cut on charged particle multiplicity density associated with another cut on rapidity. In other words, the measured particle ratios under two simultaneous cuts on rapidity and multiplicity do not reflect the fireball hadronic composition. It is possible to link results from different colliding systems using final state multiplicity size, if multiplicity cut will be the only applied cut.
Since, dN ch /dη| |η|≤0.5 becomes a widely used scaling, it is worthy to be deeply investigated. Further improvements are needed through adding more restrictions as well as extending to higher energies and p-Pb.
